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INTRODUCTION 27
The surface of Earth evolves through the combined action of chemical weathering 28 reactions and physical denudation. The former process partly dissolves the continental 29 crust, exports cations to the ocean, and consumes atmospheric CO2 from the atmosphere, 30 whereas physical denudation exports solid products to the ocean. Hence, over long time 31 scales, silicate weathering is one of the major processes regulating the amount of 32 atmospheric CO2 and therefore controlling the evolution of climate (Berner et al., 1983) . 33
Despite this recognition, it is still poorly known how silicate weathering has changed in 34
the past and what are the parameters controlling weathering rates and intensities over 35 long timescales. The emerging Li isotope proxy has a great potential for tracing silicate 36 weathering because Li is a soluble element predominantly hosted in silicate rocks and its 37 isotopes are fractionated during water-rock interactions (Huh et al., 2001) . Although the 38 relation between the river dissolved Li isotope composition ( 7 Li) and weathering is still 39
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Analytical methods
Here, we briefly describe the analytical methods used for measurements of the Li and Nd isotope composition of sediments.
Li isotopes: the digestion, column chemistry and Li isotope measurement procedure for the sediments has been described in . About 20 mg of sediment were digested in HF-HNO 3 at 100°C during 24 to 48 hours. Li was then separated from the matrix by ionexchange chromatography using a method modified from James and Palmer (2000) and described in . The lithium isotope composition was measured using a MC-ICP-MS Neptune (Thermo Scientific, Bremen) at IPGP (Paris). Details on the analytical procedure are available in . Accuracy and reproducibility of the isotopic measurements were checked through repeated analyses of the basalt reference materials JB-2 yielded δ 7 Li = +4.47±0.53 (± 2σ, n = 30 separations and 15 digestions).
Nd isotopes: Nd isotope composition was measured in the same aliquot used for Li isotopes. Nd was separated from the rest of the matrix by ion-exchange chromatography using the TRU-spec and Ln-spec resins and measured by MC ICP-MS Neptune in IPGP following the method described in Cogez et al., (2015) .
Supplemental file Click here to download Supplemental file Data RepositoryAccepted -MD.pdf Hartmann and Moosdorf (2013) . The Changjiang samples are from Wang et al., (2015) 
Provenance of fine river sediments
Here, we describe how the relative proportion of river sediment derived from the erosion of shales, igneous and high-grade metamorphic rocks is calculated for each river basin. The location of the samples and the geological map of each river basin are shown in Fig (Allègre et al., 1996; Roddaz et al., 2005; Viers et al., 2008) . In the following we consider that river sediments in the Amazon Basin result from a binary mixture between two end members, such that the following mixing equation can be written:
With ε Nd (0) sed , ε Nd (0) sha and ε Nd (0) Ign , respectively the Nd isotope composition of river sediment, shale and igneous rock. The proportion of shales-derived particles ("g sha " in mass %) can be calculated as:
As the average Nd concentration of shale and igneous rocks is not significantly different (Condie, 1993) , we consider that g sha = g sha Nd .
As explained below, the composition of the igneous end member (ε Nd (0) Ign ) varies between the different sub-basins, while the composition of the shale end member (ε Nd (0) sha ) is considered homogenous throughout the Amazon River basin.
The Beni River drains exclusively shales from the Bolivian Andes and we use the ε Nd (0) of its sediments to estimate the average ε Nd (0) value of Andean sedimentary rocks. The ε Nd (0) of Beni sediments ranges between −12.2 and −12.9, in good agreement with the range of ε Nd (0) values measured in Andean sedimentary rocks (−10 to −13; Pinto, 2003; Viers et al., 2008) and Neogene South Amazonian foreland basin sediments from Roddaz et al., (2005) . Similarly, the
Yata river that drains exclusively the lowlands Tertiary sedimentary rocks (originated from the erosion of the region of the Andes) have a ε Nd (0) of −11.6, in good agreement with the ε Nd (0) value measured in Beni river sediments. Therefore, we assume a ε Nd (0) sha of −12.0±1.0 for the shale end member. The same value of −12.0 was also assumed for the metasedimentary endmember of the Madre de dios river basin by Basu et al., (1990) . In addition, we consider that this value is also representative of the shales from the northern Andes. Indeed, the ε Nd (0) are from Bouchez et al., (2011a) , and Viers et al., (2008) . Data for foreland basin sediments are from Roddaz et al., (2005) . The grey band corresponds to the estimated ε Nd (0) of the mean shale end-member in the Amazon basin.
Regarding the igneous rock end member, the Nd isotope composition measured in Andean Neogene granitoid rocks from the Sierra Blanca in Peru have ε Nd (0) generally between −3 to 0 (Petford and Atherton, 1996) . Pemian-Triassic and Carboniferous granitoids in southern Peru have a median ε Nd (0) of −4.7±0.6 (Miskovic, 2008) . Accordingly, bed sediments from the 
Shale end member
Yata River Suspended sediments Solimões River draining the Peruvian and Ecuadorian Andes, and for which the major and trace element signature reflect an igneous rock provenance (Bouchez et al., 2011a; , have ε Nd (0) ranging from −6.5 to −2.0. However, volcanic rocks in Ecuador (mostly andesites) have a higher ε Nd (0) ranging between +2 and +6 with (Bryant et al., 2006) , and bed sediments from the Pastaza River derived from the erosion of andesite in Ecuador has a ε Nd (0) of +1.9 (Dellinger et al., 2015a) . This high ε Nd (0) indicates that Pastaza sediments predominantly derive from the erosion of more recent (Quaternary) andesite. In the following, we use a ε Nd (0) Ign of −3.0±2.0 for the igneous end member of all the Andean-fed rivers, except for the Pastaza River for which we use a ε Nd (0) Ign value of +2.0±1.0. Regarding the shield regions, the range of ε Nd (0) measured in rock samples from the Rio Negro, Central Amazon and Tapajos-Parima provinces is very large (−20 to −30) and positively correlated to the Sm/Nd ratio as a result of magmatic differentiation (Allègre et al., 1996; Basu et al., 1990; Hoorn et al., 2009; Roddaz et al., 2005; Santos et al., 2000) . The Sm/Nd ratio of rivers (0) intermediate between cratonic rocks and Andean-derived shales, consistently with the findings of Allègre et al., (1996) . We consider therefore the Trombetas River composition as representative of the mean Nd isotope composition of the shield end member (ε Nd (0) Ign = −20.0±2.0).
Congo River: The lithology of the Congo Basin is mainly composed of Archean and Proterozoic TTG along the basin border, and of sedimentary rocks in the center. To our knowledge, there is no available Nd isotope data on Congo rocks in the literature. However, Allègre et al. (1996) report ε Nd (0) values for the major Congo tributaries. The ε Nd (0) range from −12.9 for the Lobaye River to −18.2 for the Likouala. We also measured the ε Nd (0) on a lateritic soil profile sampled 100 km downstream from Bangui (Henchiri et al., 2016) and developed on TTG rocks. The Nd isotope values range from −18.1 to −18.9 (See table DR2 ) and is similar to the value of the Likouala. Gaillardet et al. (1995) as a function of the sediment ε Nd . The Nd isotope composition of the cratonic end member is estimated to be −18.5±0.5 based on the above trend, the Na/Sm of UCC (Rudnick and Gao, 2014) and the Nd Shales (Condie, 1993) UCC (Rudnick and Gao, 2014) Soil profile on cratonic rocks Interestingly, the ε Nd (0) of Congo tributaries sediments is negatively correlated to the Na/Sm ratio of the Congo tributaries continental crust (sediments + dissolved) inferred by Gaillardet et al., (1995) (Fig. DR4 ). This crustal Na/Sm ratio can be used to distinguish TTG (high Na/Sm) from shales (low Na/Sm resulting from Na depletion during ancient weathering processes). The Likouala has a TTG-like Na/Sm signature whereas the Lobaye has a signature close to that of shales. Altogether, the range of variation of ε Nd (0) in Congo sediments can be explained at first order as resulting from a mixture between a TTG igneous end member of high ε Nd (0) Ign around −19 and a metasedimentary end member of low ε Nd (0) sha (around −12), as for the Amazon. Using eqs. (1) and (2), we calculate that the proportion of shale-derived particles in the Congo River sediments is 40±10%. We note that the correlation between ε Nd (0) and Na/Sm is scattered and therefore that this method for determining the provenance of Congo River sediments gives only a first-order estimate of the proportion of shale-derived particles.
Fig. DR4: Crustal Na/Sm for Congo rivers inferred by
Ganges-Brahmaputra rivers: In the Ganges-Brahmaputra system, the source of sediments has been characterized using Nd and Sr isotopes by previous studies (Galy and France-Lanord, 2001; Lupker et al., 2013; Singh et al., 2008; Singh and France-Lanord, 2002) . The Ganges sediments are mostly derived from the erosion of the high-grade metamorphic rocks from the High Himalaya Crystalline (HHC, about 70%) and the rest of the sediments from the low-grade metasedimentary rocks of the Lesser Himalayas (LH, 30%). For the Brahmaputra, Singh and France-Lanord (2002) estimate that in average, between 50 and 70% of the sediments are derived from the erosion of the HHC, about 10% from the LH and the rest from the erosion of the TransHimalayan Batholith (igneous rocks). However, the provenance of the Brahmaputra sediments can be quite variable depending upon the depth and the sampling date (Lupker et al., 2013) . As the Nd and Sr isotope composition of the Brahmaputra sediment sample from this study (BR8210) has been measured by Lupker et al., (2013) , we can use these data along with the estimate of the Himalayan rock end-members (Galy and France-Lanord, 2001; Singh et al., 2008; Singh and France-Lanord, 2002) to determine the provenance for this sample. We calculate that for this Brahmaputra sample, the proportion of LH, and therefore of shales-derived sediments, is 20±10%.
Mackenzie River: The upper crust drained by the main Mackenzie tributaries is composed by a mixture between shales and igneous rocks having granodioritic to granitic composition (Driver et al., 2000; Reeder et al., 1972) . The Nd and Sr isotope composition has not been measured on sediments from the Mackenzie tributaries. However, a large dataset of shale chemical composition from the Liard River basin is available in Bustin, (2009). Dellinger, (2013) shows that some insoluble elements (Cr, Ti, Eu, Cs) have significantly distinct concentration between shales and granitic rocks. It is therefore possible to use these element contents to calculate the proportion of shale-derived and igneous rock-derived particles in the fine sediments of the Mackenzie rivers ( 
The igneous and shales end members are also represented (as discussed in the section 2 of the data repository).
Western Cordillera: Most of the bedrock of the Canadian western cordillera rivers is formed of volcanic rocks, with a minor contribution of shales. The Sr isotope composition of both dissolved and suspended material for the Skeena and Stikine rivers is unradiogenic (<0.707; Gaillardet et al., 2003) so we consider that the proportion of shales is lower than 10±10%.
Changjiang: For the Changjiang, we determined the proportion of shales by using the Li concentration in sediments and the relation between the Li concentration and proportion of shales defined by other rivers (see section "The influence of lithology" in the main text). We note that samples CJ33 and CJ34 correspond to rivers draining lowland areas . Hence, the provenance method based on Li might not be applicable to these rivers. However, their weathering intensity is quite low compared to lowland rivers of the Amazon. In addition, the Li content of the sediments is higher than 85 ppm indicating that even if they have lost a significant proportion of Li, their main source is the erosion of shales (in agreement with the lithology in these two river basin; Wang et al., 2015) . Based on the uncertainty on the trend between Li concentration and proportion of shales defined by other rivers, the estimated uncertainty on the proportion of shale-derived particles for Changjiang samples is ±15%. .
Calculation of the

Comparison between the Li depletion in sediments and the fraction of Li transported into the dissolved load
As Li is a soluble element, Li concentration in river sediments is sensitive to weathering.
In particular, for a given proportion of shales, lowland rivers have a lower Li/Al ratio than rivers draining mountain ranges (Fig. 2 ). Yet, this Li-depletion in lowland rivers could be explained by i) the loss of Li by weathering processes and/or ii) an incorrect estimation of the bedrock (i.e. the proportion of shales and/or the composition of the rock end members). Following the approach of Gaillardet et al., (1999) , we can test these two hypotheses using a steady state assumption. At This calculation does not take into account the change in Li concentration in the sediments with depth. Indeed, in large rivers draining mountain ranges, the grain size distribution of the suspended sediment load is generally bimodal with a fine mode composed of clay and silt particles and a coarse mode composed of sands (Bouchez et al., 2011a; Dellinger, 2013; Lupker et al., 2012) . The fine sediments (< 63 µm) are relatively homogeneously distributed in the water column while coarse sediments (size > 63 µm) concentration strongly increases from the surface toward the bottom of the river channel (Bouchez et al., 2011b; Galy et al., 2007; Lupker et al., 2011) . As coarse sediments are mostly composed of quartz, the Li concentration in sediments decreases toward the bottom of the channel because of dilution by increasing quartz amount. This implies that the (1-w Li ) values calculated from surface sediments are underestimated. However, as
shown by , the difference is relatively small (less than 0.05 units of w Li values). In addition, we note that in lowland rivers suspended sediments collected at any depth contain a negligible amount of coarse (> 63µm) particles (Meade, 1985) . Therefore, the conclusions about the agreement between (1-w Li ) values and (Li/Al) sed / (Li/Al) rock stands whether these values are depth-integrated or calculated with surface sediments only. and "Q" the discharge) and erosion rates are from multiple sources (Armijos et al., 2013; Dellinger et al., 2015b; Gaillardet et al., 1997; Guyot et al., 1996; Moquet et al., 2011; Wittmann et al., 2010 Table DR2 : Nd isotope composition of the Soil profile samples from the Congo river basin. The ε Nd (0) are calculated by normalizing to the CHUR value (0.512638). For details about the samples, see Henchiri et al., (2016) . 0.73 ± 0.12 -0.10 ± 0.89 -5.58 ± 1.07 0.77 ± 0.09 0.83 ± 0.11 AM01-18 Yata 0.259 0.95 ± 0.14 -0.36 ± 0.93 -4.90 ± 1.12 0.84 ± 0.07 0.91 ± 0.12 AM01-27 Trombetas 0.504 0.00 ± 0.10 3.50 ± 1.50 -8.63 ± 1.75 0.38 ± 0.14 0.58 ± 0.10 AM01-22 MES Negro 0.291 0.73 ± 0.10 -0.11 ± 0.90 -2.61 ± 1.20 0.68 ± 0.15 0.49 ± 0.07 AM6/1-09 MES Urucara 0.367 0.65 ± 0.11 0.04 ± 0.90 -4.02 ± 1.10 0.66 ± 0.12 0.52 ± 0.08 AM01-29 Tapajos 0.581 0.28 ± 0.14 1.37 ± 1.11 -7.37 ± 1.50 0.45 ± 0.18 0.42 ± 0.20 Congo C89-63 PK 1105 Congo 0.396 0.35 ± 0.10 0.51 ± 0.13 Henchiri et al., (2016) , this study C89-65 PK 1105 Congo 0.396 0.48 ± 0.11 1.00 ± 1.11 -6.05 ± 1.20 0.45 ± 0.12 0.31 ± 0.07 Henchiri et al., (2016) , this study Amazon Andes AM07_04 Beni 0.005
1.00 ± 0.10 -0.50 ± 1.00 -2.59 ± 1.12 0.97 ± 0.03 0.91 ± 0.08 AM07_09 Beni 0.015
1.00 ± 0.10 -0.50 ± 1.00 -2.38 ± 1.12 0.95 ± 0.03 0.94 ± 0.08 AM05_19 Madeira 0.049 0.85 ± 0.12 -0.30 ± 1.00 -3.08 ± 1.10 0.95 ± 0.03 0.98 ± 0.12 AM06_65 Amazonas 0.058 0.76 ± 0.12 -0.2 ± 1.00 -3.43 ± 1.09 0.94 ± 0.03 0.92 ± 0.12 AM08_13 Ucayali 0.029 0.70 ± 0.08 -0.10 ± 0.89 -1.80 ± 1.05 0.87 ± 0.06 0.92 ± 0.10 AM06_14 Solimoes 0.096 0.80 ± 0.12 -0.24 ± 0.96 -2.36 ± 1.10 0.88 ± 0.06 0.69 ± 0.15 AM08_36 Pastaza 0.32 ± 0.10 1.10 ± 0.93 -1.28 ± 1.14 AM07_14 Madre de Dios 0.035 0.82 ± 0.10 0.95 ± 0.03 0.92 ± 0.10 Mackenzie CAN09_51 
